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Diamond is undoubtedly one of the most well-recognized and sought-
after materials. Th e use of diamond as a gemstone is deeply ingrained 

in many cultures, and a range of attributes are associated with diamond, 
such as it being the symbol of wealth and love. Despite their popularity as 
a gemstone, relatively little attention is paid to the mineral diamond in its 
naturally occurring form.

In this book we focus exclusively on natural, uncut diamonds and their 
characteristic features, such as their crystal morphologies, their colors, 
their surface textures, and the types of inclusion they contain. We eluci-
date how these features not only provide insights into the growth process-
es of diamonds, but also into the workings of our planet’s interior.

A number of popular books have been written about diamonds, but 
few of these discuss the unique features of natural diamonds in any 
detail. More information can be found in the scientifi c literature, but this 
literature is scattered over many disciplines, including physics, geology, 
mineralogy, gemology, and material science. Due to the vast number of 
scientifi c articles that have been published about diamonds, it is diffi  cult 
to provide a comprehensive overview of the literature. Th e references 
provided throughout this book, therefore, should only be regarded as a 
starting point from which the interested reader can delve deeper into the 
world of diamonds in nature.
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Diamond, by defi nition, is a mineral composed exclusively of the 
element carbon. Th e carbon atoms in diamond are arranged in a 

dense cubic crystal structure (Fig. 1-01), and it is this crystal structure that 
gives diamond its unusual physical and chemical properties. Diamond is 
the hardest known naturally occurring mineral (Moh’s hardness 10), but 
despite this extreme hardness, it is also a brittle material that can fracture 
in response to severe force. Another unusual property of diamond is its 
resistance to reactions with most chemical agents, which makes diamond 
virtually inert. Diamond, however, can be oxidized, but the oxidation of 
diamond is generally restricted to high temperatures. Th e hardness and 
chemical resistance of diamond and its potential to be oxidized at high 
temperatures strongly infl uence the presence of diamonds in nature.

Diamond has a range of additional properties that make it an appealing 
and sought after mineral. Its high refractive index (2.4), for example, gives 
it an outstanding luster and makes it an attractive and extremely valu-
able gemstone. Diamond also has a high thermal conductivity, making it a 
valuable component in a wide range of technological applications.314

In nature, carbon atoms only crystallize with the crystal structure of 
diamond at pressures exceeding several tens of thousands of bars.153 At 

graphite consists of layers of carbon atoms that are weakly bound to each 
other (Fig. 1-01). Th is crystal structure causes graphite to be one of the 
softest minerals in nature. 

Even though diamond only forms at high pressures, it can survive in a 
low-pressure environment without converting to graphite. Pressures high 
enough to stabilize the crystal structure of diamond do not exist anywhere 
near the Earth’s surface or even in the deeper parts of the Earth’s crust. Th is 
means that the formation of diamonds in nature is always linked to very 
unique geological processes that involve high pressures. 1-01: Crystal structures of 

diamond and graphite illustrat-

ing the different arrangements 

of carbon atoms in the crystal 

lattices of the two minerals. 

Drawn to scale.
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lower pressures, graphite is the stable form of carbon. Unlike diamond, 
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The origin of diamonds in the Earth’s mantle

Th e vast majority of natural diamonds, including all gemstone diamonds, 
formed in the Earth’s mantle at depths of more than 140 kilometers.10, 98, 193 
Within the mantle, diamonds form primarily in the rigid part of the upper 
mantle, which is referred to as the lithospheric mantle (Fig. 1-02). Th e 
lithospheric mantle and the overlying crust constitute the tectonic plates 
that drift on the convecting asthenosphere. Unlike the lithospheric mantle, 
the typical asthenosphere does not appear to be favorable for diamond 
formation.272

In addition to high pressures, diamond formation is favored by rela-
tively low temperatures. In nature, these conditions restrict diamond 
formation to regions with a very low geothermal gradient. Regions with 
such low geothermal gradients are generally confi ned to the geologically 
old parts of continents, which are referred to as cratons (Fig. 1-03).136, 242 
Cratons are composed of crustal basement rocks, such as granites and 
gneisses that are more than ~1.5 billion years old. Th e lithospheric mantle 
roots beneath cratons can extend to depths of more than 250 kilometers, 
and due to their relatively low temperatures and extreme thicknesses, they 
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are the main locations of diamond formation in the Earth’s mantle 
(Fig.1-02).275 Diamonds are believed to crystallize primarily from carbon-
rich fl uids that percolate through these lithospheric roots.158, 276

Th roughout Earth’s history, magmas originating from deep within the 
mantle passed through the lithospheric roots. During their ascent, the 
magmas incorporated various minerals (xenocrysts) and rock fragments 
(xenoliths) from the surrounding mantle. Th e most common type of 
mantle rock is peridotite, which primarily consists of olivine and variable 
amounts of orthopyroxene, clinopyroxene, garnet, and/or spinel (chro-
mite) (Fig. 1-04). A less common constituent of the mantle is eclogite, 

1-03: Pressure-

temperature-depth 

diagram outlining the 

stability fi elds of diamond 

and graphite. Geothermal 

gradients for typical 

oceanic, continental, and 

cratonic lithospheres are 

shaded grey. Diamonds 

are only stable in cratonic 

settings at pressures 

greater than ~40 kilobars, 

which corresponds to 

depth of more than ~140 

kilometers.

1-04: A piece of the litho-

spheric mantle: peridotite 

xenolith from the Bult-

fontein mine, Kimberley, 

South Africa (Ø: ~30 cm), 

which consists mainly 

of olivine (dark green), 

garnet (purplish-red), 

Cr-diopside (bright green), 

and orthopyroxene (light 

brown).
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